Nicholson, and Gray, 1973) , and the term 'erythrohepatic protoporphyria' has been suggested (Donaldson et al, 1971) as a more comprehensive description of the disease.
A disturbance of porphyrin metabolism characterized by biochemical changes similar to those of human erythropoietic protoporphyria and the deposition of protoporphyrin in liver cells follows the administration of griseofulvin to mice (De Matteis and Rimington, 1963; Weston-Hurst and Paget 1963) , and 3 :5-dicarbethoxy 1 :4-dihydrocollidine (DDC) to guinea pigs, star and to weanling pigs (Granick and Urata, 1963; Magnus, Roe, and Received for publication 30 May 1974. Bhutani, 1969; Roe, Krook, and Wilkie, 1970) . We have studied the light microscopic and ultrastructural appearances of a liver biopsy from a patient with erythropoietic protoporphyria who had abnormal liver function tests and have compared them with the morphological changes in the livers of mice during the development of griseofulvin-induced porphyria.
Materials and Methods

CASE REPORT
A 30-year-old women had a history of photosensitivity for nine months. She had been taking the pill (Gynovlar) regularly for the previous 18 months.
A light and electron microscopic study of the liver weight stool, coproporphyrin 51 ,g/g; second specimen: protoporphyrin 567 ,ug/g, coproporphyrin 31 ,ug/g (normal: protoporphyrin 0-113 ,ug/g, coproporphyrin 0-50 ,ug/g). 'X' porphyrins: normal.
Screening tests on faecal porphyrins from several relatives were normal. Biopsy of skin from the hand showed PAS-positive hyaline material around the papillary vessels, characteristic of erythropoietic protoporphyria.
Skin tests with narrow waveband artificial ultraviolet light (Magnus, Porter, McCree, Moreland, and Wright, 1959) showed abnormal reactions at 360, 380, 400, and 500 mn. Ultraviolet microscopy of peripheral blood films revealed occasional fluorescent red cells. (Bloomer, Davidson, and Klatskin, 1973) . 'Maltese cross' figures were seen in some of the thrombi, and in the larger granules in the hepatocytes (fig lb) .
Fouchet's stain demonstrated bile in varying amounts in most of the inclusions. The pigment was PAS-positive, negative for iron, and Sudan Black negative.
Examination of the pigment using ultraviolet light revealed that it emitted dull red fluorescence which was strongest in the pigment masses in the Kupffer cells and macrophages. Thrombi did not exhibit fluorescence at their centres, but had a rim of red fluorescence. There was no diffuse cytoplasmic fluorescence, but some of the hepatocyte granules exhibited weak fluorescence.
Electron microscopy of hepatocytes The nuclei, endoplasmic reticulum and Golgi apparatus were normal. The mitochondria showed slight variation in size and measured up to 2-3 u in length: some had lost some of their cristae and many contained electron-dense granules 40-60 nm diameter. Lipid droplets were present, some within membrane-bound, low-density structures also containing lamellar structures and particles of glycogen (fig 2) . Densely osmiophilic vacuolated bodies, some having a myelin substructure, were also seen. Crystals, usually forming aggregates, were present in the cytoplasm (fig 2) . Each crystal had a dense border 3-8 nm in thickness, and a less dense centre comprising two or more layers 3 nm thick. They hada diameter of 30 to 120 nm, and a length of 0-5 to 1-5 p,. Some were enclosed by a unit membrane continuous with the endoplasmic reticulum ( fig 3) ; others appeared in close relationship to the outer membrane of mitochondria (fig 4); some were within the periphery of lipid droplets.
The canaliculi showed variable dilatation, blunting, and loss of villi, and the formation of microvillous blebs. Granular material and lamellar bodies were present in the lumen. Many canaliculi were occluded by thrombi, measuring up to 14,u diameter, and containing granular material and crystals which had the same appearance as those seen in the cytoplasm (fig 5). <7t51~F i g 6 H u n m a n (fig 9) . Occasional electron-dense granules were seen in the mitochondrial matrix, but these were less numerous than those in the human liver. There was some dilatation of the cisternae of the rough endoplasmic reticulum in the early stages; the Golgi apparatus appeared normal and glycogen was present in normal amounts. Osmiophilic vacuolated bodies were seen in the later stages.
Crystals lying free in the cytoplasm were first observed at 72 hours. Subsequently they appeared as small aggregates, up to 2 p, diameter, many of which were enclosed by a unit membrane continuous with the endoplasmic reticulum and were concentrated in the region adjacent to the canaliculus (fig 10) . They were similar to those found in the human material but were smaller with an overall width of 6 to 40 nm and length of up to 05,u (fig 1 1 ). There was a dense border and a centre comprising up to 10 or more layers 3 nm thick.
After eight days occasional canaliculi were dilated and lamellar material appeared in the lumen. Thereafter the dilatation became more extensive, with loss of villi and microvillous bleb formation (fig 9) posed of crystals and granular material were present (fig 12) and their appearance varied according to the relative proportions of bile and crystalline material.
Similar thrombi were seen in the bile ducts and ductules.
In the later stages crystals appeared in Kupffer cells usually within heterophagocytic vacuoles where they formed randomly arranged aggregates some of which were associated with lipid ( fig 13) . Some crystals were bounded by a unit membrane but the extensive whorls seen in the human Kupffer cells were not observed. Occasional inclusions, resembling canalicular thrombi with a high concentration of crystals, were present.
In well defined areas hepatocytes had undergone necrosis and polymorphonuclear leucocytes were present. Aggregates of crystals, some bounded by a unit membrane, were present in these areas.
Macrophages in the portal tracts contained large numbers of heterophagocytic vacuoles enclosing lipid and crystals.
SPECTROSCOPY OF PIGMENT IN HUMAN AND MOUSE LIVER
The emission spectrum of pigment in the human and animal livers was measured using a Zeiss pupillary spectroscope and found to be 630 m,u, and this was identical to that of a standard solution of protoporphyrin.
Discussion
The administration of griseofulvin to mice leads to an early increase of liver porphyrins, including protoporphyrin (Janousek, 1970) . Other changes include an increase in the excretion of faecal protoporphyrin and coproporphyrin followed by an increase in erythrocyte protoporphyrin concentration (De Matteis and Rimington, 1963) . The effect of griseofulvin is due to inhibition of mitochondrial chelatase which leads to diminished incorporation of protoporphyrin into haem, lowering the level of the latter which normally acts as a negative feedback on porphyrin synthesis. There is therefore a rise in the ALA synthetase level (Nakao, Wada, Takaku, Sassa, Yano, and Urata, 1967) , with an increase in all porphyrin intermediates and accumulation of protoporphyrin behind the block (fig 14) .
ALAsynthetase is located in themitochondria,and an increase in mitochondrial diameters from 25 to 50% has been described in the livers of DDC. treated guinea-pigs (Granick and Urata, 1963 whilst the absence of necrosis, and more extensive crystals within the Kupffer cell endoplasmic reticulum in the latter might suggest a lower concentration of protoporphyrin, accumulating over a long period of time.
It has been suggested that both erythropoietic and liver porphyrin metabolism is disturbed in the griseofulvin-induced disease in mice (De Matteis and Rimington, 1963) . Nakao et al (1967) found no evidence of raised ALA synthetase levels or inhibition of mitochondrial chelatase in the erythropoietic spleen in this model and suggested that the increased erythrocyte protoporphyrin is of hepatic origin.
Isotope studies provide conflicting evidence about the principal site of disturbed porphyrin metabolism in the human disease (Gray, Kulczcka, Nicholson, Magnus, and Rimington, 1964; Scholnick, Marver, and Schmid, 1969; Schwartz, Johnson, Stephenson, Anderson, Edmundson, and Fusaro, 1970) . In their clinical study of two cases, Cripps and MacEachern (1971) suggested that both liver and bone marrow were affected. The erythrocyte protoporphyrin levels in our case were lower than those in the latter cases, whilst our stool protoporphyrin levels were higher. This may indicate a principal hepatic lesion in our case.
Using a chick liver embryo cell culture, Granick (1963) demonstrated the porphyria-inducing effect of griseofulvin and sex steroids. Although oestrogenic hormones do not cause increased porphyrin excretion in normal individuals it has been reported that they may precipitate or aggravate acute intermittent porphyria and porphyria cutanea tarda with elevation of liver ALA synthetase (Zimmerman, McMillin, and Watson, 1966 ). An effect of these hormones in protoporphyria seems not to have been recorded.
